Background: Variation in the peroxisome-proliferatoractivated receptor g (PPARg) gene has been reported to alter the risk for adiposity in adults. Methods: We investigated the gender related association between the Pro12Ala variant (rs1801282) in obesity and insulin resistance traits in 794 peri-adolescent children aged 10-12 years of Greek origin from the Gene and Diet Attica Investigation (GENDAI) cohort. Results: Gender stratified analysis suggested that in peri-adolescent boys, Ala carriers exhibited lower measures of skinfold (triceps: 16.9"6.9 vs. 19.4"7.9 mm, ps0.014; subscapular: 9.6"4.5 vs. 11.2"5.4 mm, ps0.016) and lower adiponectin concentrations
(3.9"1.3 vs. 4.7"2.4 mg/mL, ps0.05). In peri-adolescent girls, Ala carriers had lower insulin concentrations (7.3"3.7 vs. 8.5"4.4 mU/mL, ps0.026) and lower values of homeostasis model assessment of insulin resistance (HOMA-IR) (1.5"0.8 vs. 1.8"0.96, ps0.019). Linear regression analysis revealed that the presence of the Ala allele in boys was a nominally significant predictor of obesity indices, including skinfolds (triceps: b"SE: -2.3"1.1, ps0.032; subscapular: b"SE: -2.3"1.1, ps0.04) and adiponectin concentrations (b"SE: -0.7"0.4, ps0.05) after adjusting for potential covariates. In girls, the Ala allele was a predictor of insulin concentrations (b"SE: -1.2"0.6, ps0.037) and HOMA-IR (b"SE: -0.24"0.13, ps0.037).
Introduction
Childhood obesity is considered to be a rapidly growing health problem worldwide (1) . It affects numerous body systems. Most notably, increased weight has been related to hypertension, dyslipidemia, increased tendency for blood clotting, and insulin resistance. The factors that regulate body fat content and distribution are not fully understood. With regard to dietary intake, there is no scientific consensus whether macronutrient composition affects energy metabolism and body fat distribution, beyond energy content. However, specific macronutrient composition of the diet may be one of the important environmental factors that control nutrient partitioning to specific adipose tissue depots, without affecting total body weight (2) .
The human peroxisome proliferator-activated receptor-g (PPARg) plays a key role in the regulation of lipid and glucose homeostasis, in the differentiation of adipocytes and in fatty acid storage (3, 4) . The Pro12Ala polymorphism has been widely investigated in relation to various disorders including obesity (5-7). However, the association of the Ala allele with a higher risk of obesity has not been consistent in all studies, suggesting heterogeneity in its effect. Alternatively, a combination of chance findings and low power may also contribute to differing results. It has been shown that PPARg expression is attenuated in visceral adipose tissue in lean subjects (8, 9) . This may suggest a link between the Pro12Ala polymorphism and regulation of regional adiposity and body weight.
In light of the increasing prevalence of pediatric obesity, it is important to assess the potential impact of the Pro12Ala polymorphism in the PPARg gene at an earlier stage of life. This has been attempted by several groups, with largely inconsistent findings (10) (11) (12) (13) . It has recently been shown that in young children (13) , the Pro12Ala polymorphism is associated with increased adiposity exclusively in girls. The mismatch regarding findings from adult and pediatric cohorts are likely due to the influence of unmeasured factors, such as diet, or age-specific effects (14) . In the present study, a gender related association between the Pro12Ala variant of the PPARg gene and obesity traits in children was investigated.
Subjects and methods

Subjects
The Gene and Diet Attica Investigation (GENDAI) target population was children attending the fifth and sixth grades living in the Attica region of Greece, as described previously (15) . The GENDAI cohort is comprised of 1138 adolescent children (53% girls; mean age: 11.2"0.7 years) randomly selected from elementary schools in Attica. The research study was approved by the Institutional Review Board of Harokopio University, and the Greek Ministry of Education. Informed consent for genetic analysis of all participants was obtained from the children's parents.
Dietary methodology
Dietary information regarding GENDAI study was evaluated through two non-consecutive 24 h recalls, three to ten days apart. The 24 h recalls were analyzed using the Nutritionist Pro software, version 2.2 (Axxya Systems-Nutritionist Pro Inc, Stafford, TX, USA). The mean nutrient intake from the two recalls was used for estimation of usual nutrient intake.
Physical activity assessment
Coinciding with the dates of the dietary recalls, participants completed a physical activity checklist recall two times (16) . This instrument queried the child's time spent on mild, moderate, and strenuous exercise, plus sedentary pursuits, such as time spent viewing TV or playing computer/video games, during the previous 24 h. Then, the mean MET (metabolic cost of activity) scores were calculated from the children's reported history of physical activity, taking into account minutes of activity as well as minutes of inactivity.
Sexual maturity assessment
Sexual maturity status, according to Tanner's criteria for breast, pubic hair, and genital development (17) was selfevaluated. In particular, girls rated breast and pubic hair development and boys rated genital development and pubic hair development using a series of standardized photos, in the presence of the team's pediatrician.
Anthropometry assessment
Physical measurements of body weight and height were obtained in light clothing without shoes. Body mass index (BMI) was computed as weight (kg)/height (m 2 ). In addition, a soft tape measure was used to record waist circumference (cm) and hip circumference (cm). The waist-to-hip ratio (WHR) was calculated as an index of central adiposity. Two measurements of right side triceps and subscapular skinfolds were performed with Lange skinfold callipers (Cambridge Scientific Instruments, Cambridge, MA, USA) to obtain a mean measurement with precision of 0.2 mm.
Blood sampling
Ten mL of venous blood was collected after an overnight fast (G10 h). The samples were placed in plain tubes as well as EDTA-containing tubes to obtain separate aliquots for serum and plasma. We present data on 794 children (420 girls and 374 boys) for which complete information and high-quality genotype data was available.
Genotyping
Genotyping of the Pro12Ala polymorphism (rs1801282) was done as part of a larger panel and was performed using the iPLEX MassARRAY platform (Sequenom). (http://www. sequenom.com/Assets/pdfs/appnotes/8876-006.pdf).
Statistical methods
All statistical analyses were performed using SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA). The normal distribution of the investigated variables was assessed using the Kolmogorov-Smirnov criteria. For all analyses we used logtransformed values for measures that were not normally distributed, namely BMI and waist. However, in our Tables, untransformed mean values are presented. Categorical data are presented as frequencies or proportions (%). Distributions of frequencies of categorical variables were analyzed using the x 2 -test of independence. The association of genotypes with adiposity outcomes was tested using multiple linear regressions, after controlling for the effects of gender and minutes of sedentary activity, as these variables were significant predictors. Interaction terms between genotypes and gender were also tested in each model and when significant, the analysis was stratified by gender. The critical p-value at which significance was accepted, was an a values0.05. All reported p-values are based on two-sided tests.
Results
The overall frequency of the Ala allele was f(Ala:0.8), and the genotype frequencies were in Hardy-Weinberg equilibrium. Due to the small number of Ala12Ala homozygotes (ns6), all analyses were performed under a dominant genetic model. Gender stratified analysis suggested that in peri-adolescent boys, Ala carriers exhibited lower measures of skinfolds (triceps: 16.9"6.9 vs. 19.4"7.9 mm, ps0.014; subscapular: 9.6"4.5 vs. 11.2"5.4 mm, ps0.016) and lower adiponectin concentrations (3.9"1.3 vs. 4.7" 2.4 mg/mL, ps0.05) ( Table 1) . No significant difference was observed between genotype groups for age, Tanner stage, sedentary activity, energy and different types of fat intake (expressed as % of total energy), or for the other biochemical markers.
In peri-adolescent girls, Ala carriers had lower concentrations levels (7.3"3.7 vs. 8.5"4.4 mU/mL, ps0.026), homeostasis model assessment of insulin resistance (HOMA-IR) (1.5"0.8 vs. 1.8"0.96, ps 0.019) and saturated fatty acids (SFA) intake (14.8"3 vs. 13.5"2.9%, ps0.002) compared with the Pro/Pro girls (Table 1) . These results persisted after adjustment for BMI for insulin concentrations (b"SE: -1.2"0.6, ps0.037), HOMA-IR (b"SE: -0.24"0.13, ps0.037) and SFA intake (b"SE: -1.2"0.4, ps0.003) ( Table 2 ). In summary, linear regression analysis after adjusting for age, Tanner stage and minutes of inactivity, revealed that the presence of the Ala allele in boys was a nominally significant predictor of obesity indices, such as skinfolds (triceps: b"SE: -2.3"1.1, ps0.032; subscapular: b"SE: -2.3"1.1, ps0.04), and adiponectin concentrations (b"SE: -0.7"0.4, ps0.05) ( Table 2 ).
Discussion
Our study extends previous findings (13) in children and suggests that there is a gender specific association of the Pro12Ala polymorphism with measures of adiposity at certain ages. While the frequency of the Ala12 allele (0.08) was similar to that reported in two Greek cohorts of children at different ages (0.07) (13, 18) , no significant associations between PPARg variants and anthropometric indices were identified in our pediatric cohort before gender stratification. Periadolescent boys with the Ala allele had lower skinfold measures (triceps and subscapular) compared to those with the Pro allele. This novel effect in children seems consistent with reports suggesting a protective effect of the Ala allele against obesity and improved insulin sensitivity in adults (19) . Similar findings on obesity indices, depending on gender, were shown previously in adults (20) as well as children (21) . These gender differences might be attributed either to sex-linked genes and/or variations in sex hormones. The different fat distribution patterns seen in the two genders could partially explain the etiology of sex variability on anthropometry, depending on the genotype. The lower concentrations of fasting blood insulin and lower HOMA-IR values that we found in girls confirm previous findings in obese Italian children (11) . Additionally, female Ala carriers had a sig-nificantly lower intake of SFA. It was previously shown in type 2 diabetic patients that carriers of the Ala allele had a lower energy intake per kilogram of body weight, suggesting the Ala allele was associated with greater food efficiency (7). The lower concentrations of adiponectin found in boys with the Ala allele were also seen in young adult males from a Japanese cohort (22) , suggesting interaction with the adiponectin gene. The screening analysis using BMI did not reveal any significant association with the Ala allele, which is consistent with recent results from an 11 to 24-year-old cohort from Mexico (1210 students) (12) . In summary, we found evidence of a possible effect of the Ala allele at the Pro12Ala locus in the PPARg gene on adiposity indices in boys, and SFA intake and insulin indices in girls. These results add to the epidemiologic data for this variant in children. The modest study size or heterogeneity of the effect in boys and girls at this age may account for the gender specific findings.
The cross-sectional design does limit the potential to reveal causal relationships. However, these findings may motivate further study in larger cohorts with longitudinal data in order to more fully understand the impact of this gene variant on growth and development of obesity and diabetes in boys and girls.
